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A B S T R A C T
Response surface methodology (RSM) has been known as the best tool in evaluating the eﬀects of several
variables and their interactions of biochemical and biotechnological processes. The main focus of this research
was to study the eﬀects of agitation and volume of inoculum in inﬂuencing the ferulic acid production from
banana stem waste by co-culture. The optimum conditions for the production process were also determined.
RSM with ﬁve replicates at the center point was performed to evaluate the contribution of the factors. The p-
values of 0.0249 and 0.0268 for agitation and volume of inoculum, respectively, indicate the importance of both
factors in ferulic acid yield. Agitation at 150 rpm and volume of inoculum of 5% were found optimum in
increasing the ferulic acid yield up to 510.24 mg/kg within 24 h. The results demonstrate that the use of RSM is
very helpful to study the eﬀects of interactions among the parameters for eﬃcient production of biological
products.
1. Introduction
Ferulic acid (FA) is one of the three p-hydroxycinnamic acids
present in large quantities in lignocellulosic biomass (Barbara et al.,
2015). FA may form the linkage of ester and ether bonds between
arabinoxylans and lignins, which are important for plant stability
(Bauer et al., 2012).
Several methods have been used to release FA from plant cell wall.
Enzymatic hydrolysis is one of the biological methods used for the
purpose by hydrolyzing the FA linkages. Faulds and Williamson (1995)
reported that a maximum of 95% of total FA was proﬁciently released
from wheat bran after a puriﬁed ferulic acid esterase (FAE) from
Aspergillus niger and a Trichoderma viride xylanase were incubated
together for ﬁve hours. In other research by Uraji et al. (2013),
enhanced enzymatic production of FA was achieved by combining
several enzymes produced by Streptomyces. The reports implied that
co-culture may result in increased yield and improved control of
product qualities compared to single culture. Huang et al. (2011)
indicated that the degradation of plant cell wall by microbial could be
increased through synergistic acts between FAE with other hemicellu-
lase such as xylanase.
Thus, the use of co-cultivation together with banana stem waste
(BSW) as substrate promises a signiﬁcant and continuous production
of FA because BSW is abundant and can be exploited as an alternative
source for this phenolic acid production (Cruz et al., 2001).
Response surface methodology (RSM) has been used to evaluate the
eﬀects of several parameters and their interactions as originally
described by Box and Wilson (1951). Several studies had been
performed to extract FA from several raw materials such in brewer's
spent grain (BSG), wheat straw, Angelica sinensis, Cinicifuga race-
mose, and paddy straw employing RSM to obtain the optimum yield
(Salleh et al., 2011). Ismail and Zainol (2014) successfully determined
the optimum condition in extracting FA from BSW using sugar cane
press machine. However, to date, the optimization of FA production
from BSW by fermentation of co-culture has never been reported.
Therefore, it is interesting to improve the FA production by applying
optimization tools like RSM. Hence, this research was conducted to
study the eﬀect of factors contributed in the release of FA and to
optimize the condition process for maximum FA production monitor-
ing.
2. Materials and methods
2.1. Microorganism
Bacillus cereus strain CCM 2010 and Bacillus thuringiensis Bt407
from soil were identiﬁed by 16S rRNA sequence analysis identiﬁcation
method. The bacterial strains were acclimatized for a month in BSW
before isolation. All the strains were incubated at 37 °C for 24 h on
nutrient agar plate for inoculum preparation.
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